Thermodynamic functions of transfer of single ions from water to non-aqueous and mixed solvents (based on an extrathermodynamic assumption):
part 5 -Gibbs energies of transfer into aqueous alcohols A b s t r a c t -L i t e r a t u r e d a t a on t h e s t a n d a r d molar Gibbs energies o f transf e r o f ions X from water W i n t o aqueous a l c o h o l mixtures W+S,4G_o(X, W 3 W+S)/kJ on t h e mol L'I scale a t 25*C, of
1986 and e v a l u a t e d according t o t h e c r i t e r i a e s t a b l i s h e d i n previous p a r t s .
The d a t a are p r e s e n t e d a t evenly spaced mass f r a c t i o n s w_ of t h e a l c o h o l i n t h e mixture, i n t e r p o l a t e d where necessary. I n t h e cases of few i o n s t r w a f ' e r r i n g i n t o aqueous methanol or e t h a n o l ' s e l e c t e d ' v a l u e s are suggested. Smoothing e q u a t i o n s r e l a t i n g +Go(X, W 4 W+S) t o t h e mass f r a c t i o n w o f S i n t h e mixture are then p r e s e n t e d .
ar0 compiled to t h e end

INTRODUCTION
Previous p a r t s of t h i s series d e a l t with l i t e r a t u r e d a t a t h a t d i r e c t l y or i n d i r e c t l y
ceported on t h e ti-ansfer of s i n g l e ioris from t h e r e f e r e n c e s o l v e n t , water, i n t o nonnqueous 1 s o l v e n t s . The s t a n d a r d molar Gibbs energy of t r a n s f e r of i o n s was d e a l t w i t h i n P a r t 1, Lhe s t u n d a r d molar e n t h a l p y and entropy of t r a n s f e r i n P a r t 2 , * and t h e s t a
n d a r d e l e c t r o d e p o t e n t i a l s of sowe s e l e c t e d e l e c t r o d e s i n P a r t 3.3 The d i v i s i o n of t h e s t a n d a r d thermodynamic f u n c t i o n s of t r a n s f e r of e l e c t r o l y t e s i n t o t h e s i n g l e ion c o n t r i b u t i o n s 1 * * was rcported on t h e b a s i s of t h e e x t r a t h e r m o d y r i c i c nssumptions employed by t h e o r i g i n a l a u t h o r s .
These were summarized i n P a r t 4,4 where i t was vhown t h a t t h e TATD ussuuiption,i.e. t h a t t h e Gibbs energy, e n t h a l p y , and e n t r o p y of' t r a n s f e r of tetraphunylarsonium c a t i o n s e q u a l t h o s e o f t e t r a p l i e n y l b o r a t e anions for t r w s f e r s i n t o a l l s o l v e n t s , is among a l l t h e assumptions h i t h e r t o sukigested t h e least o b j e c t i o n a b l e .
Several c r i t e r i a were a p p l i e d i n t h e e v a l u a t i o n of t h e l i t e r a t u r e d a t a . These included t h e r e l i a b i l i t y of t h e experimental d a t a , t h e i r being c o r r e c t l y reduced to s t a n d a r d thermodynuiiiic v a l u e s , and t h e adherence t o ionic a d d i t i v i t y of t h e s t a n d a r d q u a n t i t i e s . The s t a n d a r d entropy also wust conform to t h e d i f f e r e n c e between t h e s t a n d a r d eiithalpy and t h e Cibbs energy, d i v i d c d by t h e tlbsolute temperature. The d a t a were a l l converted to a common c o n c e n t r a t i o n scale, mol L for t h e Gibbs energy and e n t r o p y , and t o SI u n i t s .
-1
Values for s i n g l e i o n s based on less r e l i a b l e extrathermodynamic assumptions were a d j u s t e d , ' , Z wlicre p o s s i b l e , by t h e a d d i t i o n ( s u b t r a c t i o n ) of a c o n s t a n t q u a n t i t y t o (from) t h e c a t i o n (anion) d a t a r e p o r t e d by an a u t h o r , t o b r i n g t h e d a t a into t h e range of tlie TATR scale. The udjustiiient r e p r e s e n t s t h e trmsf'er q u a n t i t y for t h e r e f e r e n c e ion or ion/:uolecule p a i r for t h i s p a r t i c u l a r set of d a t a . The v a l u e s for tlie t r t i n s f e r o f a given i o n t o a given nonuqueous s o l v e n t were then weighI.ed by estimates of t h e i r r e l a t i v e r e l i a b i l i t i e s . The weighted average of t h e s e v a l u e s was taken t o y i e l d a ' s e l e c t e d ' v a l u e . I 
t s r e l i a b i l i t y was i n d i c a t e d by t h e nuwber of s i g i i i f i c a i i t d i g i t s ticcorded t o i t i n t h e t a b l e s . I n muny c a s e s
' s e l e c t e d ' v a l u e could be d e r i v e d rrom t h e r e p o r t e d d u t a .
Many p r a c t i c a l chemical o p e r a t i o n s on ionic substances are c a r r i e d o u t i n mixed s o l v e n t s , mid i n p a r t i c u l a r i n mixtures of water and o r g a n i c s o l v e n t s . The s o l v a t i o n of i o n s i n such uyueous s o l v e n t s i s of iwportance, s i n c e i t deteriiiiiios t h e e q u f l i b r i a and k i n e t i c s of retic-
Lions i n v o l v i n g t h e i o n s .
Standard thermodyiianiic f u n c t i o n s of trtursf'er of ions from t h e r e f e r e n c e s o l v e n t , water, i n t o I )lase aqueous.. s o l v e n t mixtures provide information on this s o l v a t i o n . The p r e s e n t r e p o r t d e a l s with a p a r t of t h i s wide area. naarely with the Cibbs e n e r g i e s of t r a n s f e r ( a t 238.iSK) of ioiis. X , from water, W , i n t o mixtures of a l c o h o l s . S, w i t h water, atgo(X, W --$ W+S).
Ln o r d e r t o r e p o r t t h e s e d u t a , t h r e e v a r i a b l e s : t h e i o n X , t h e s o l v e n t S, and t h e coluposition of t h e aqueous solveiit mixture W+S, i n a d d i t i o n t o t h e s o u r c e of' t h e d a t a , had
to be p r e s e n t e d . Hence, a four-diiuerisiontll r e p r e s e n t a t i o n was r e q u i r e d .
The previous parts ' I 2 l i s t e d t h e d a t a for each s o l v e n t S s e p a r a t e l y . and doing so i n t h e p r e s e n t CQSB reduced t h e set t o t h r e e dimensions. The c h o i c e was made t o r e p o r t h e r e on each ion s e p a r a t e l y (under each s o l v e n t S) , A two-diuensional d i s p l a y , of t h e r e p o r t e d v a l u e s from (tach l i t e r a t u r e s o u r c e a g a i n s t t h e coiuposition of the aqueous-solvent W+S, thus r e s u l t e d .
1
Most of t h e d a t a i n t h e l i t e r a t u r e have been reported as a function of t h e m a s s f r a c t i o n , or t h e mass %. x, of t h e solvent S i n t h e aqueous mixture. This has t h e merit of being readily reproducible.
When mole f r a c t i o n s are employed i n t h e o r i g i n a l source, they are e a s i l y converted t o m a s s f r a c t i o n s by means of t h e molar masses. When volume f r a c t i o n s are employed, conversion depends on t h e a v a i l a b i l i t y of d e n s i t y d a t a f o r the aqueous solvent mixtures. Otherwise, a small e r r o r is introduced when i t i s assumed t h a t mixing takes place without a change i n volume and t h e d e n s i t i e s of water and t h e pure s o l v e n t S are used f o r t h e conversion. The e r r o r i s reduced somewhat i n t h e i n t e r p o l a t i o n procedure, used i n order t o r e p o r t a l l t h e d a t a a t evenly spaced decadic increments i n =. Power series i n w up t o t h i r d or f o u r t h power, forced t o pass through t h e o r i g i n , have been used to i n t e r p o l a t e the AtCo(X, W + W+S) values. (For i n t e r p o l a t i o n s a t high E. (100-w) has been used as the independent v a r i a b l e andAtO,O(X, W -+ S) -%G_O(X, W 4 W+S) as t h e dependent one).
I n p a r t s 1 and 21B2 i t w a s t h e p r a c t i c e to include only d a t a f o r i n d i v i d u a l ions but not d a t a f o r complete e l e c t r o l y t e s . Following t h i s p r a c t i c e i n t h e present case would have reduced t h e amount of information t h i s r e p o r t could convey inappropriately. There i s an appreciable amount of information on t h e standard Gibbs energy of t r a n s f e r of hydrochloric acid from water t o aqueous alcohols. This quantity, i n p a r t i c u l a r f o r t h e higher alcohols, cannot a t p r e s e n t be r e l i a b l y s p l i t i n t o t h e i o n i c c o n t r i b u t i o n s , s i n c e no values f o r the hydrogen o r t h e c h l o r i d e ions are a v a i l a b l e on t h e TATB o r an equivalent r e l i a b l e scale.
However, i n o r d e r t o compare t h e e f f e c t s of alcohols with varying chain length o r branching, d a t a f o r aqueous-alcoholic hydrochloric a c i d are valuable even i f they cannot be s p l i t i n t o appropriate i o n i c contributions. Similar decisions f o r i n c l u s i o n have been made f o r a few o t h e r e l e c t r o l y t e s too, where otherwise information on t h e t r a n s f e r of i o n s , even i n combina t i o n , would not have been a v a i l a b l e a t a l l . It is hoped t h a t t h e comparative presentation i n t h i s compilation w i l l encourage t h e f u t u r e use of t h e d a t a i n conjunction with r e l i a b l e d a t a on some s i n g l e i o n s ( e . g . , t h e c h l o r i d e ion, obtained according t o t h e TATB assumpt i o n ) .
I n few cases indeed were d a t a of high accuracy confirmed from a t least one independent source. Such cases were p r a c t i c a l l y l i m i t e d t o t h e two lower alcohols. methanol and ethanol. I n such cases ' s e l e c t e d ' values were proposed, based as before l V 2 on a weighted average of t h e d a t a t r a c e a b l e t o t h e TATB o r an equivalent r e l i a b l e extrathermodynamic a s~u m p t i o n .~ Such s e l e c t e d values of Atco(X, W -+ W+S) were f i t t e d with a smoothing equation, a f o u r t h degree power series i n A, forced through t h e o r i g i n . The standard deviation, a. of these f i t s were a l s o reported.
Data were c o l l e c t e d from t h e primary sources and Chemical Abstracts till t h e end of 1986. Table 1 p r e s e n t s a summary of t h e alcoholic s o l v e n t s and t h e i o n s f o r which 4,G0(X, W -+ W+S) d a t a could be found and presented i n t h e following d e t a i l e d t a b l e s . Data f o r t r a n s f e r i n t o pure alcohols, r a t h e r than i n t o t h e i r aqueous mixtures, are a l s o included f o r those alcohols where t h e r e are a l s o d a t a f o r t r a n s f e r i n t o mixtures. For 2-butanol, 2-methyl-1-propanol, and hexanol t h e r e are some data' f o r t h e t r a n s f e r of hydrogen, p i c r a t e , potassium, butyl(tri-3-methylbutyl)ammonium~ chloride, bromide, and tetraphenylborate i n t o t h e neat alcohols only, and these a r e not included here (but see r e f . 1). -~ ~ t Denoted elsewhere in t h i s document as iPe3BuN+(iPe = isopentyl, a t r i v i a l designation f o r 3lnethylbutyl). See comment b; data also for w = 15, 25, 35, 45, 55, 65, 75, and 85: 0.7, 0.8, 0.4, 0.3, -0.4, -0.9 , -1.0, and -0.4 kJ mo1-l. respectively.
From ferrocene/ferrocinium assumption, weight = 0. From TPTB assumption, weight = 1 g From TATB assumption, weight = 1.
From extrapolation of data for HX to infinite value of the radius of X-, weight = 0.
From Ho data with Hammett indicators and assumptions concerning the activity coefficients, weight = 0. j See comment but with weight = 0.
Composition is given in "concentration %", assumed from subsequent papers of the authors to be w; data for single ions were obtained from "real" potentials and assumptions concerning the "stabilization" of the surface potential on addition of heptanol, weight - Using TATB assumption, weight = 1. Using TPTB assumption, weight = 1. g Interpolated from data atx = 10.0, 20.2, 33.4, 50, 68.3, 90, and 100 ( r e f . 3 ) , and 10, 43.2, 87.7 and 100 ( r e f . 36, 37), using an extrapolation t o i n f i n i t e radius of X-i n MX series of data, weight = 0.
Interpolated from data a t At5O /kJ mol-', Interpolated from data a t 2 = 30. 8, 43.8, 62.4, 76.8, and 94.1, see comment a.
Using TATB assumption, weight = 1.
Using the TPTB assumption, weight = 1.
Interpolated from data a t w = 10, 20.2, 33.4, 50.0, 68.8, 90 , and 100 ( r e f . 3 ) , and 10.0, 43.2, 87.7, and 100 ( r e f . 36, 37). using extrapolation t o i n f i n i t e radius of X-i n MX series of data, weight 
Rb+
-24.9 -27.6 -27. u (Atso /kJ mol-l) = 0.14 a From "real" potentials, interpolated from data at w = 43.1, 87.7, and 100, Interpolated from data at 1 = 30. 8, 54.2, 73.9, 86.8, and 100, see comment b.
Using the TPTB assumption, weight = 1. g From interpolation of data a t 2 = 10.0, 43.2, 87.7 and 100, using extrapolation to infinite radius of X-in series of MX of data, weight = 0. From "Owen extrapolation", neglecting liquid junction potential, weight =
.
Using the TATB assumption, weight = 1. Interpolated from values f o r NH41 a t w = 16. 5, 30.5, 43.1, 51.3, 61.7, 66.5, a 74.7, 80.4, 87.7, 94 .1, and 100, using the interpolated At Cf (I-) 
d a t a from r e f . 32 based on the TATB assumption.
From interpolation i n d a t a a t 1 = 10.0, 43.2, 87.7, and 100, using extrapolation t o i n f i n i t e radius of X-i n s e r i e s of MX data. 3 4 Using the TPTB assumption.
Selected value.
a Interpolated from values a t w ion, which has the same radius i n f i n i t e radius of X-i n a s e r i e s -3.7 -0.9 -2.9 -3.3 -3.9 -1.6 -5.1 -4.9 -5.9 -6.6 -7.5 -9.1 -8.7 31b -12.8 -12.0 37' a Interpolated from values f o r (CH H ) NC104 a t w = 10, 43.1, 87.7, and 100, using the interpolated A t e (K') data from r e f . 32 based on the TATB assumption. From interpolation i n d a t a a t w = 10.0, 43.2, 87.7, and 100, using extrapolation t o i n f i n i t e radius of X-i n a s e r i e s of MX data, weight = 0.
7 4
Using the TPTB assumption.
(C4H9)4N+ -1. a Interpolated from values f o r (C H ) NC1O4 a t w = 10, and 43.1, using the i n t e r p o l a t e d A t c ( K ' ) d a t a from r e f . 32 based on t h e TATB assumption.
From interpolation i n d a t a a t 1 = 10, 43.1, 87.7, and 100, using extrapolation t o i n f i n i t e radius of X-i n a series of MX d a t a , weight = 0. 
a Interpolated from d a t a f o r A g C l a t w = 9. 5, 19.8, 34.4, 42.1, and 54.2, using the At$ ( C l -) d a t a from r e f . 32 based on t h e TATB assumption, weight = 0.5. Using the AtG,Otr (C1-) d a t a from r e f . 32, based on t h e TATB assumption, Weight = 0.5.
From "Owen extrapolation", neglecting l i q u i d junction p o t e n t i a l . a Assuming p r o p o r t i o n u l i t y of 4 Go (OH-) with t h e mole f r a c t i o n of S.
I n t e rp o l a t e d from vapor p r e s s u r e d u t a a t w = 39.7, 64.0. 70.7, 79.8, kind 100, u s i n g the TArB assumption. 32, based on the TATB assumption. d Using t h e TATB assumption, weight = 1.
Using t h e value of Atgo ( K ' )
from r e f . 32 based on t h e TATB assumption, weight =
1.
From d a t a f o r HX and NaX ( X = C 1 o r B r ) and t h e value of DtQ0tr (C1-) from r e f . 32, based on the TATB assumption, weight = 1.
From d a t a f o r H B r and HC1
and t h e value of Atgo ( C l -) from r e f . 32, based on t h e TATB assumption, weight =
1.
Using t h e TPTB assumption, weight = 1. u &Go /kJ mol-l) = 0.15
Interpolated from "real" p o t e n t i a l d a t a a t E = 10.0, 43.1, 87.7, and 100, weight a = 0.
With Atgo (C1-) from r e f . 32, using t h e TAT8 assumption, weight = 1. Using d a t a f o r H I and NaI, i n r e f s . 6 and 9, respectively, see comment b. With a Interpolated from vapor pressure data a t x= 19.5, 39.7, 64.0, 70.7, 79.8, and 100, using the TATB assumption, weight = 0. Using the TPTB assumption, weight = 0.1. Using the TATB assumption, weight = 1. 0, 20.3, 40, 60.2, 80.3, 92.3 , and 100, based on A t e (K') from r e f . 16, based on t h e mean of the TATB and TPTB assumptions, weight = 1. Using an assumption concerning the e l e c t r o s t a t i c term of the t r a n s f e r of the t e t r a s o l v a t e d proton and assumptions concerning a c t i v i t y c o e f f i c i e n t s , weight = 0. From t h e s e l e c t e d values f o r HC1, t h i s work, a n d L e o ( C l -) from r e f . 16, based on the mean of the TATB and TPTB assumptions, weight = 1.
At $' /kJ mol-', mol dmm3 s c a l e , 25 ' C , i n t o ethanol (S) + water (W) ( Interpolated from data a t w = 10, 20, 30, 37.3, 51.0, 58.8, 68.3, 84.8, 92.3 , and 100, u s i n g d t g (C1-) from ref.
16, based on t h e mean of t h e TATB and TPTB assumptions, weight = 1.
Based on the assumption t h a t A t c o [(
Interpolated from data a t ) = 30, 50, 71.9, and 100, based on an extrapolation of series of KX data t o i n f i n i t e radius of X-,
Based on the mean of the TATB and TPTB assumptions, weight = 1. a Interpolated from data a t w = 30, 50, 71.9, and 100, u s i n g A Go (K') from ref.
tInterpolated
16, based on the mean of the TATB and TPTB assumptions.
from data atx = 30, 50, 71.9, and 100, based on an extrapolation of series of Rb data t o i n f i n i t e radius of X-. 
31' (K')
from r e f .
I n t e r p o l a t e d as i n a , S e l e c t e d a I n t e r p o l a t e d froin d a t a a t w = 30, 50, 71.9, and 100, usingAtG0 16, based on t h e mean of t h e TATB and TI' TB assuiiiptions.
u s i n g e x t r a p o l a t i o n of a series o f MX salts t o i n f i n i t e r a d i u s of X'.
vnlue. 
31b
I n t e r p o l a t e d fi*om d a t a a t 3 = 30, 50, 71.9, and 100, u s i n g e x t a p o l a t i o n of a series of MX s a l t s to irif'inite r a d i u s OP X-. 16, based on t h e w a n of t h e TATB and TPTB assuiiiptions.
I n t e r p o l a t e d as i n ', u s i n g e x t r a p o l a t i o n o f a series o f MX sults t o i n f i n i t e r a d i u s of X-. = 33.5, 50, 80, 115.6, arid 100, u s i n g a n "Owen e x t r~u i~o l a t i o i i " , n e g l e c t i n g t h e l i q u i d j u n c t i o n p o t e n t i a l .
Selcctcxl v a l u e .
I n t e r p o l u t c x i froiii d a t a a t . w_ = 8 . 0 , 30.0, 47.5, 64.7, 87.1, and 97.6, btisutf 011 t h e TA'l'll a u s u u p t i o n .
2+
Zn -3.6 -8.7 -13.3 -14.1 35a
Using a n assuiuption ohout the e l e c t r o s t a t i c terlu f o r t h e t e t r n s o l v a t e d p r o t o n u i d c o n c e r n i n g a c t i v i t y c o e f f i c i e n t s . 31' a I n t e r p o l a t e d from d a t a a t w = 30, 50, 71.9. and 100, based on an extrapolation of a series of MX values t o i n f i n i t e radius of (M'). Based on t h e same extrapolation a s i n a.
Selected value. Using an assumption about the e l e c t r o s t a t i c term f o r the t e t r a s o l v a t e d proton and concerning a c t i v i t y c o e f f ic i e n t s .
OH-
35a a Using an assumption about t h e e l e c t r o s t a t i c term f o r t h e t e t r a s o l v a t e d proton and concerning a c t i v i t y c o e f f i c i e n t s .
CN-
At e /kJ mol-l, mol d~u -~ scale, 25 'C, i n t o ethanol (S) + water (W) ( from r e f . 16, based on t h e mean of t h e TPTB and TATB assumptions. Based on an extrapolation of a series of MX values t o i n f i n i t e radius of M+.
Selected value.
Using an assumption about t h e e l e c t r o s t a t i c term f o r the t e t r a s o l v a t e d proton and concerning a c t i v i t y c o e f f i c i e n t s .
3.9 5.1 3za
a Interpolated from d a t a a t y = 12. 4, 40.6, 55.9, 74.8, 92.0, and 96, based on dtgo (~g + ) from r e f . 22.
a Interpolated from d a t a a t ) = 22. 1, 39.0, 63.0, 79.3, 88.5, and 96, based on At e (Ag') from r e f . 22. Interpolated from d a t a a t 1 = 20, 37.3, 51.0, 58.8, 68.3, 84.8, 92.3 Using an assumption about the e l e c t r o s t a t i c term f o r the t e t r a s o l v a t e d proton and concerning a c t i v i t y c o e f f i c i e n t s . 4 -5.6 -9.8 -13.2 -16.1 -19.0 -20.7 -21.7 -21.8 -18.8 13' -1.6 -3.8 -7.2 -11.1 -14.0 -16.5 -18.2 -19.4 -20.5 -21.1 14b -9.4 -17 -3 -19.0 -18.7 15' -2.4 -5.6 -9.8 -13.9 -16.3 -18.5 -19.0 -19.8 -20.8 -20.1 16d -21.2 31e - 8 13.
C6H2(N0
K. Schwabe and C. Queck, Abhandl. Sachs. Akad. Wiss., Leipzig, 53, 1 (1979) ; from the data for ref. 4. Yu.F.Rybkin and T.N. Seredenko, Elektrokhimiya, 8, 41 (1972) , 10, 1566 (1974) ; from "real" potentials.
U.N. Dash and M.C. Padhi, Themochim. Acta, 60, 243 (1983 Table 11 . Standard molar Gibbs energies of t r a n s f e r of i o n s from w a t e r i n t o 2-methoxy- Table 12 . Standard molar Gibbs energies of t r a n s f e r of i o n s from water i n t o 3 -0~-1 , 5 - 
